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Speaking to Industry about Water Use and Water Production 



From 2000-2011, newly completed wells in OK’s Miss averaged: 
• 7.4 bbl of H2O per 1 bbl of oil 
• 9.8 bbl of H2O per 1 bbl oil equivalent gas 

Co-Production of Brine? 

Murray, K.E., 2013, State-Scale Perspective on Water 
Use and Production Associated with Oil and Gas 
Operations, Oklahoma, U.S.: Environmental Science 
& Technology, v. 47, no. 9, p. 4918-4925. 
 



Examining Water Use, Production and UIC Injection 

2013, vol. 47, no. 9, p. 4918-4925 

Supporting Information, C 

Oil Prod 
2011 

(MMBO) 

Gas Prod 
2011 

(MMBOE) 

SW Prod 
2011 

(MMbbl) 

HF Inj 
2011 

(MMbbl) 

SWD Inj 
2011 

(MMbbl*) 

EOR Inj 
2011 

(MMbbl*) 

77 334 808 78 925 641 

*partially validated w/ 
online 1012As 



Seismicity Potentially Induced by Fluid Injection 

Zoback (2012) 



Papers on the Topic 

and To Be Continued… 

AAPG Extended Abstract for 2014 Annual Convention & Exhibition, Houston, TX 
Abstract # 

Murray, K.E., and Holland, A.A., 2014, Inventory of Class II 
Underground Injection Control Volumes in the Midcontinent: Shale 
Shaker, v. 65, no. 2, p. 98-106. 
 



EOR Injection (EORI) Volume (bbl/mon) per Well  

OKCGS Shale Shaker 
(Murray and Holland, 2014) 



SWD Volume (bbl/mon) per Well  

OKCGS Shale Shaker 
(Murray and Holland, 2014) 



Zones of Production & Class II UIC Wells 

OKCGS Shale Shaker 
(Murray and Holland, 2014) 



Which zones are used for EORI and SWD injection? 

KS UIC data from KGS (2013) Well Database 
OK UIC data from Lord (2012) UIC Database 

OKCGS Shale Shaker 
(Murray and Holland, 2014) 



Non-Osage Saltwater Disposal (SWD) Volumes in 2012 

Murray, in preparation 

2012 



Depths of SWD versus Depths of Earthquakes 

(Holland and Murray, 2014 - in preparation) 



SWD into Arbuckle Group or Basement versus Time 

    

655 520 481 # of wells with > 0bbl: 

Murray, in preparation 



Change in SWD into Arbuckle Group or Basement by County  

Arbuckle SWD Volume (bbls/mon) in 2012

up to 150,000

150,000 - 500,000

greater than 500,000

Regional Faults

Change in Arbuckle SWD (bbls) 2012-2010

16,000,001 - 26,440,294

8,000,001 - 16,000,000

4,000,001 - 8,000,000

2,000,001 - 4,000,000

1 - 2,000,000

-3,999,999 - 0

-8,698,596 - -4,000,000

-8,698,597

Murray, in preparation 



KS Earthquakes and UIC volumes in Harper and Sumner 

Map of KS Earthquakes from Holland, 2014 
KS UIC data from KGS (2013) Well Database 

 



When a choice needs to be made between mutually exclusive 
alternatives, the opportunity cost is the value of the “best 
alternative” forgone. 

– loss of potential gain from other alternatives when one alternative is 
chosen 

– opportunity cost plays a crucial part in ensuring that scarce resources 
are used efficiently 

 

Opportunity Cost? 

Recycle 
& 

Reuse 

Salt 
Water 

Disposal 



Promoting Recycle and Reuse as an Alternative to SWD 

Water Supply Issues 

• Cyclic droughts strike state 

• Aquifers are in decline due to 
overuse 

 

Regulatory and Economic Drivers 

• OK current cost for commercial 
SWD $0.45 - $2.10 per bbl 

• AR had a moratorium on SWD 
due to induced seismic risk 



Produced Water Quality in OK and KS 

(Murray and Irwinsky, 2014-in preparation) 



Concentration of Total Dissolved Solids (TDS) expected in H2O 
Produced from Oil & Gas Wells? 

(Murray and Irwinsky, 2014-in preparation) 

BRINE 



Contact Information 
Email: Kyle.Murray@ou.edu 
Website: http://faculty-staff.ou.edu/M/Kyle.E.Murray-1/ 
Phone: (405) 325-7502 

Summary, Forecasting, and Desired Future Conditions 

Seismicity 
Fluid injection 

Fluid extraction 

2014 2009 2019 

Recycle & Reuse 

Oil Prod 
2012 

(Mgal) 

Gas Prod 
2012 

(MgalOE) 

SW Prod 
2011 

(Mgal) 

GW Prod 
2005 

(Mgal) 

GW Rech 
0.5% prec, 0.17in 

(Mgal) 

HF Inj 
2011 

(Mgal) 

SWD Inj 
2012 

(Mgal) 

EOR Inj 
2012 

(Mgal) 

3,751 14,999 33,946 208,006 206,243 3,276 50,172 63,828 
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Average Annual SWD Injection Pressure by Zone 

    

61.2% of wells are on a vacuum 
281 with ≤0psi, 178 with >0psi 

Murray, in preparation 



• Model pressure diffusion from 
injection wells under various fluid 
injection scenarios, geologic 
conditions, and constraints 

• Describe 4D distribution of injected 
fluids relative to faults, basement 
and high water production areas 

Ongoing Research Objectives/Goals 

GSA Abstracts 
Carrell and Murray, 2014 


